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Notes on Indian Astronomy 
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H 
THE LIBRATION OF EQUINOXES. 
In the Suryya Siddhanta and other Hindu Astronomi- 





noxes in which it is stated that the first point of Aries 
moves along the Ecliptie twenty-seven degrees on each 
side of the Nirayana Vindu, the fixed initial p That 
is, in a certain number of years it goes twenty seven 
degrees away from the Initial point, then returns-to it, 
again goes twenty-seven degrees the other side and comes 
back to the Initial point in a сөгіліп number of years, 
"The following extract from Brennand's Hindu Astro- 
w “тошу. will show the universal acceptance of the theory of 
t! bration of Equinoxes and the Solstices by the 
Hindu astronomers. “This was а doctrine of a Libration 
of the Equinoctial and Solstitial points. Colebrooke in his 
(essay on the equinoxes, has given the views of ber of. 
on сода subject; by some the motion is considered 
itire revolution, through the whole of the 
; by others and those the most numerous it 
libration, between certain limits on each side of a 
rah cud two statements it may be 


arts the Suryya š 
me "ta Airs 
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ud then 27 degrees on the other 
side of that point. "This supposed motion of the whole 
of the constellatio iy have led Bentley to assume that 
the ancient astronomers had two systems of. Lunar. Aster 
isms "The theory of a libration, as expressed in 
various astronomical works, has been shown by Cole- 
brooke to enerally prevalent from very ea 
times, It was also a doctrine maintained by Aryabhatta 
and Parasara, and by most of the Hindu astronomers of 
later ). But this theory has been refu- 
ted by European astronomers! ая will be seen 
from the following quotation from Lokmanya B.G, 
Tilak'« Orion, page “The hypothesi now given 
up by modern astronomers as mathematically incorrect ; 
but no reason has yet been assigned why it found place 
n the Hindu astronomy. А theory may be erroneous 
but even roneows theory cannot become prevalent 
without a good cause, It has been suggested by Bentley 
and approved by Prof. Whitney, that the limits of the 
libration might have been determined by the fact that the 
earliest recorded Hindu year had been made to begin when 
the sun entered the asterism of Krittika or 26° 40° in 
front of Revati, But this alone is not enough to suggest 
the theory of libration. For, unless the Hindu astrono- 
mer had grounds to him conclusive and otherwise inex- 
plieable-—for holding that the vernal equinox fell 27° on 
ash side of Revati, he would not have proposed the 
libration of the equinoxes. So far as T know по such 
GESTIS yet been discovered by modern scholars... 


side of а mean point 
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Now looking at the curve of the Eq 












is infl 
tic and the Eecentri 
Time due to the Obliquity 
city are drawn separately. 
from the time when the Aphe] 
point of Aries (which happe: 
let us also assume that the Eecentri nd the Obliquity 
do not vary during one complete revolution. At this 
time the Equation of Time is zero at the vernal equinoc- 
білі point. As years pass on the aphelion goes ahead 
the first point of Aries at the rate of 62 seconds (54 
for precession and 11-8” for the movement of the apsi 
aunually. Now looking at the curves we find that the 
maximum equation of time is +7} minutes due to the 
Eccentricity and this is attained about 90 degrees after 


Obliquity of the Eelip- 
rve for the Equation of 
and that due to the Eccentri- 

Let us start for convenience 
ided with the first 
"d ahont 4000 B. C.)' and 





























‘the Perihelion or the Aphelion point (more correctly 





88° 50 after the Perihelion point). The corresponding 
degron in the curve for the obliquity at which the equa- 
tion it +7} minutes ix 27 degrees about, on either side of 
the Equinoctial or the Solstitial points. 

‘This may also be seen from the following solution :— 

‘The maximum Eqaation of Time due to Eccentricity 
being 7508 minutes (1° 55°) and that due to Obliquity 
being 99 minutes (3 247), the mean Longitude of the 
point at which the Equation of Time is 7-68 min., on the 
en by solving the 

















In a spherical right-angled triangle in which the 
hypotenuse is L, the mean longitude (26° 307). the angle 
adjacent is 0, the Obliquity of the ecliptic (23° 27) 











Зло earth being in aphelium өп the vernal eywinoetial day about 4000 BC, 
graphically, fret point of Aries nod apbelisa coincided then. 
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and the hase is the R. A. (right ascension) to be found, 
we have 
Тап R. A — 08 ©, (R — radius). 
cot L. 
_R eos 23727 
~ eot 26°80" 
Тап R. À 
R.A. 
д Equation of time due to Obliquity=L—K.A. 





БУ (T 68 min.). 
he mean longitude of the point at whieh the 
n of time is 7°6% min. on the curve for the 
Obliquity is 26" 307. 

So the point near Aries at which the Equation of Time 
is zero oscillates about 27 degrees on either side of it. P 

"Therefore when the Aphelion has advanced (90 plus 
27) or 117 degrees from the first of Aries the longitude 
of the Sun on the day at which the Equation of Time ік 
zero, is 27 degrees. This to ocour, we have to shift the 
curve for the Eccentricity about 120 degrees keeping 
the curve for the Obliquity fixed. When the Aphelion 
will be advancing still further the Equation of Time will 
bo zero—on dates earlier until the coincides 
with the first of Aries, at which time the Equation is 
zero at the vernal equinoctial day. Кё эш meg 
the Eccentricity curve has to be shifted 00 degrees more 
Let the aphelion advance 00 degrees further. Тһе Equa- 
tion is zero again at a point 27 degrees on the other side of see 
the first of Aries after which time it is zero on earlier days Э 
- and the aphelion advancing 120 degrees more coincides = 
again with the first of Aries, when the equation is zero. à 














































” Distance in degrees from the Perihelion point. 
نشت‎ 








EQUATION OF TIME DUE TO ECCENTRICITY. 
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Now assuming the point near Aries at whieh the 

Equation of Time ік zero as the fixed Initial point it will 

be soen very clearly that the first point of Aries moves 27 

dogroos on one side or the other of this Initial point. 

т--у This solution may similarly be extended to the other 
Equinoctial or the Solstitinl points.’ 

‘The periods of the above oscillations are the fol- 





lowing : 

Int period (120 degrees movement) = Z7 = 7200 years, 
ud , (6 „ - )9£2-3*0 , 
ad „ (900 „ “ ) = тд „ 
4h , аю , „ = =7200 „ 


‘Total 21600 years, Double this amount equals 43200 
The reason for the adoption of the period ofa 
Yuga ns 432 and so many zeros is now apparent. Tho 
oscillatory period of 105 degrees is 21000 years (about - 
20 86 necording to modern European Astronomy). There- 
fore in a Yuga of 4820000 years there are 200 complete 
royolutions. ‘The period of 21600 years may be divided Е" 
into three periods of 7200, 7200 and 7200 (3600 plus 3600) 
years Fach of these periods is the 600th part of n Yuga. 


^ 
` (11200 to 4000 B.C.) xli (4000 В.С. 103200 A.D) — 
—* Б —* 3 


“з (0 (7:0 years) ДЕ (2200 years) 
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This is the reason why Ranganath the great astronomer 
nentator of the Surya Siddbanta mentions this revo- 
tion us б/н п, possessed of роснае characteristics. 








their observation assidu- 
to about 3500 В.С. to 
oxes in which ease the 
least 14000 years old. 

Now to find the Ayanamsa. When the RA. of 
the Sun is 120 degrees his lo ide is about 117 degrees. 
When the distance between the Nírayaua Vindu and 
‘aphelion is 90 degrees, the distance between the first of 
Aries and the N i is 27 degrees; this js the 
Ayanamsa th words the difference between 
the longitude of the sun on the day on which the equation 
ік zero nenrest the ve vernal 
Equinox is the Ayanamsa for a particular year. “Taking 
w caso of the present time the difference between the 
longitude of the sun on the Lith of April and when the 
вамі is in aphelion on July 2nd (which is 
about 77 degrees, the Aynnamsa should be 
degrees about, This is the same ns the longitude oft the Sun 
on the Lith of April at which date the equation is zero. 
We also observe that when the mean tme is less than 
the apparent time on the vernal equinoctial day, the first 
point of Aries is to be looked for to the east of the Initial 
point (the point nearest Aries at which equation of time 
ік zero). This wus the case from about 18000 to 4000 B.C. 
Wher mean time ds grester than the apparent om the 
vernal equinoctial day, the first point of Aot met 
the west of the Initial point, as it is at presen is 
what verse 11 and 12—Chap. ПІ, боюу Siddhanta — 





Hindus сағ 
00 В.С. 


It is clear, 








































really mean, - 
"Tis is in brief the explanatio 
аз expou by 
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Astronomers, Tho Hindu Nirayona year de neither 
Siderenl nor ‘Tropical, Tt is пет thing altogether. 
This is an addition to one of the clearest arguments of the 
у independent orizin of Indian Astronomy. 

‘Taking. the first day of the Hindu 
indicate the day wl the Ey ion of f 
the Vernal Equinox (about April 
that Vernal Equinox cannot happen 

x, in п eyele of about 21600 years. 

If now the study of H 

` enl events be conducted in th 
tion, E am confident all anos 
will disappear to the great joy of the astronomers. 

With great diffidenee, being a young student of astro- 
nomy,—1 place these few lines before the mathematicians 
and astronomers-—with the hope that they will examine 
the above statements and see if the Li m Theory of 
the Hindus has been correctly solved. 

In conclusion, T acknowledge my gratefulness to 
Asutosh Mittra, Raq, Professor, Vidyasagar College, from 
whom I got valuable help in understanding dificult 
portions of the Suryya Siddhanta, but for whose help this 
explanation might not have struck my imagination. 








irnyana year to 
is zero nearest 
h now) it is clear 
rlier or later by 


























Astronomy and chronologi« 
light of the above explann- 
absurdities 
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12 Addendum (fo paper ом 
Burgess in his translation of the Suryya Siddhanta 

ЗА быны of the American Oriental Society, Vol. VI) 
pages 24b to 219, discussed the theory of Libration of 

- Equinoxes expounded by the ancient Hindu astronomers, 

Vere Т quote a few lines from his remarks : 

Now it is not a little diffieult to suppose that 


oft of so much consequence as this, which 
slement into so many astronomical processes 


ibration af Fquiwores). 
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should 


hidden away thus in a pair of 
p. 246. 

ides those considerations drawn from the 
general history of Ju astronomy, and the position of 
the element of the precession in the Suryya Siddhanta 
we have still to urge the blind and incoherent, ns well as 
unusual form of statement of the phenomenon, as fully 
exposed above........."" p. 247 

22222. Bhaskarn’s own commentators.........bold to 
that of а libration, which has been and is altogether the 
prevailing doctrine throughout India and seems to have 
made its way thence into the Arabian ard even ^nto the 
early Europenn astronomy (sce Colebmoke, as above)" 
What Bhaskara mentions in his ^ Siromani 
(Goladhyay; 17 nnd 18) as 
* Ayana Chalanam’ (movement of the first point of Aries 
or Libra) and the period of revolution is clear from his 
own notes on the same, This is nothing but the move- 
ment of a fixed equinox with reference to the ap! 
‘The period of w complete revolution of tho perihelion or 
the aphelion with reference to a fixed equinox is accord- 
ing to modern astronomy 20950 years (annual movement 
GLO” seconds), s according to Bhaskara is 21630 
years (annual movement 59-9” seconds). ‘This isthe same 
as the period of one complete libratory movement, 
Now I shall make it clear that the Grecks also adopted 
the same sort of year calculation as the Hindus. Young 
in bis “Manual of Astronomy,” page 144, says, © H. 
(Hipparehus) found that the year of the seasons, 
solstice to solstice, ns determined hy the Gnomon, 
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Hipparehus, Burgess says, “ Among the 
mers Hipparchus is regarded as the first who discovered 
the precession of Equinoxes; their rate ой motion, 
however, seems not to have heen confidently determined 
by him, although he pronounees it to be at nny rate not 
less than 36" yearly." 

“ ,. Ptolemy however was so unfortunat 
ndopt for the true rate Hipparchus’s minimum of 30” 
а yonr p.219. Now in the explanation of the 
Libration of Equinoxes, I have shown that in about 
7200 years (from B.C. 1000 and onwards) the maximum 
libration of about 27° will be attained (please the last 
diagram in the paper). Now assuming the Sun's daily 
motion to be 1°, we wee that in 7200 tropical years and 
97 days, 7200 Nirayana years are completed. ‘Therefore 
one Nirayana year is 3, day or 0 day longer 
(under the present conditions) than the tropical year. 
‘therefore the present Nirayana year i» equal to 
(260:21219--4 days or 36524594 days. Тһе differ- 
ence between the Sidereal and tropical year being 001417 
day, during this time 50-1" seconds of are of the ecliptic 
mre passed over. ‘The difference between the Nirayana 
year (for the present) and the Sidereal year being 
001042 d., the number of seconds of are passed over 
during this time ix got by simple proportion 

001417 d : 001042 d :: BOI”: x” 


ЕТТЕГІ 8 
хазин 96:8", 


‘This is the amount of precession determined by 
Hipparchus and Ptolemy. ‘Therefore they certainly 
used this yer which began on the day when the 
mean time and Sun dial time were the same nearest the 
Vernal Equinox. ‘This to be true the length of the year 

l by Hipparehus and. Ptolemy ought to be about 
5 d. or 5:4 minutes longer than the tropical 


reek nstrono- 
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year! and T find this is to be exactly the ease, “ Professor 
Newcomb who has compiled an instructive table of 
the Equinoxes severally observed by Hipparchus and 
Ptolemy, with their errors deduced from Leverrier's Solar 
Tables, fads palpable evidence that the discrepancies 
between the two series were artificially reconciled on the 
ates too long, adopted by Ptolemy 
on trust from P «sors, He nevertheless holds 
the proeess to have been one that implied no fraudulent 
intentions "—(Eneyelopadin Britannico, ed. 1910, p. 810, 

It fs elenr what Hipparchus and Ptolemy 
nent of the first point of Aries (the 
ecliptic indicating the beginning of 
the constoliation Aries) respect to the point where 
the said year ended. Now I leave it to the judgment 
of the astronomers to pronounce if the remarks “The 
rate of motion seems not to have been confidently deter- 
mined by him (Fipparchus)—or—Ptolomy was яо unfor- 
tunate as to adopt for the true rate Hippavehux's minimum. 
of 30” a yonr... .” are justified, "The Hindus have still 
retained this mode of year beginning. 

The theory of the Libration of Equinoxes was 
prevalent also in Arabin for a considerable time, having 
found its way into Arabian and carly European Astronomy 
from India (side Colebrooke): ая such the following: 
шо i, = 2 NURSES 
+ Os iles data veros مشا‎ and ار‎ 
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lines from Smyth's “Сусів" will be read with keen 
interest by all “Thabit ("Thabit-Ibn-korrah) was also 
a clever astronomer and is said to have improved what 
Ferghani prepared: he, however, is principally remarkable 
for having revived the old notion of a variation in the 
position of the ecliptie, as well as in the fixed stgrs, 
which has been ealled the trepidation: 1t was his opinion 
founded on some erroneous-observations(*), that the stars 
moved for some time according to the order of the signs; 
Unt they afterwards proceeded in a retrograde direction, 
and returned to their former places, after whieh they 
assumed a direct motion; and that they then had an 
irregular motion, which was rapid for a certain period, 
then became slower, and at last insensible. Hon 
that the obliquity of the ecliptic was variable u 
similar periods of increase and dec and his өрі 
prevailed for a considerable tin А gla 
at the figure in page 281, will explain the above statements 
regarding ‘trepidation’ or Libration of Equinoxes, 
‘Therefore now the explanation of the theory of the 
Libration of Equinoxes will be evident to all, 
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THE LIBRATION OF COLURES 
CHANGES IN ТИК COMMENCEMED 
NINAYANA YEAR 





WD CONSEQUENT 
OF THE MINDU 





In my let note I endeavoured to interpret. in the 
correct way the theory of Libration of Equinoxes univer- 
sally advocated by the Hindu astronomers. Тһе Libration 
theory being accepted the next problem which presents 
itself, ix, how to keep the relation between the fixed 
asterisms (Rasis and Nakshatras) and the months of the 
year (inseparable with the Hindu astronomers), un- 
changed, when both the first point of Aries and the point 
nearest it where the E m of Time i» zero, are not 
fixed with respect to the stars. From the following con- 
siderations it will be seen how this problem had been 
solved in the past + y the Hindu astronomers and how it 
has to be tackled in future. 

‘The point in the Ecliptic nearest the Vernal Equinox 
at which the Equation of Time is zero, marks the starting 
point for the commencement of the Hindu Nirayana. year 
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to account, as will be seen from the following 





rnal Equinox and the Equation of 
at 79 degrees Longi- 
in coincident 10800 
yours before that time time Vernal Equinox 
receded 10800 x 45” . Therefore at Longi- 
tude 223° (79° p 144) the Equation of Time was zero 
and the Vernal Equinox was also there. On modern data. 
this happened when the Vernal Equinox was happening 
at about .29° Longitude. 
Brennand in his Hindu astronomy 1 page 77, says “То 
the theory of the revolution of the colures there was à 
rival doctrine. ‘This was the doctrine of the Libra- 
tion of the Equinoctial and the Solstitial pol These 
are however no rival doctrines, but theories going hand 
in hand with the Hindu astronomers. The period of the 
revolution of colures is, in round numbers 27000 years 
according to the Hindu astronon (25505 years in 
modern astronomy). If now the whole Ecliptic be divided 
into equal portions each with a precessio 
1000 years, же got 27 such portions (each representing 
18° 20). 'This is the oi M : 
twenty-seven Nakshatra ght with АЫ 
(alpha Lyrae, Vega) the brightest star iu the northern 
hemisphere occupying the remarkable situation of the 
Pole Star of the aneient period when the month of 
was the first month of the year. (Abhijit from 
prefix ‘abhi and ‘ji' m to conquer) Abhijit beeame 
the pole star and thus all heavenly 
"bodies began to circle round Abhijit as if in obeisance. 
When Abhijit wax no longer the pole star, naturally it 
Б: lett out of the reckoning. 
table appended herewith has been coi 
to show the probable periods of the suconssiv 


Assuming the V. 










(Hindu data), 
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beginnings, the names and dates of the months beginning: 
the year for the periods, etc, ete. This is computed 
according to ancient Indian and modern data, starting from 
Аңтаһауапа as the first month of the year. The diffe- 
rence between the two sets of results is not much owing 
to the fact that the ratios between the two sets of data 
are about the same. 


27000 25868 


125; also 
21000 20086 


=1 








On looking nt the table for the period beginning with 
the month of Agrahayann we notice that the year began 
when the sun was exactly in the beginning of the asterism 
Mula, ‘The Vernal Equinoctial colure passed through 
Jyestha (Antares) and Abhijit (Lyra), the star Abhijit 
(Vega) was also the pole star of the period. The autumnal 
Equinox passed through Rohini (Aldebaran), and six 
months after the first of Agrabayana we have the Orion 
group (Mrigasiras). ‘The solstitial coluro passed through 
Purva Phalguni (delta Leonis) and Satabhisaj (x Aquarius), 
Now the naming of the month ns Margasirsa and the 
significance of “I am Margasirsa of the months and 
Abhijit of the Nakshatras" of the Bhagabata is now 
clear. The origin of the naming of Nakshatra Mula (the 
root), Jyestha (the first) and of Rohini from “rohan or 





(1/44 the commencement of (ke perii Abhijit (Vega) wwe aboot 9 degrees 
бен Nhe eaqolncctiat colin. Alwi 209 уем later Abhijit wa 
erri "Phila ie the time t which the Mare Brahm 
"day. Айың ny. days before rhe Vishunan (Eyuioas). 7 
predia Mo ИАны thxi wh аваке оет (Pullen) at the vernal 61 «ок 
(һе көбелі equinos (Он, p. 2H) 


r^ are polar, The Haw when Alij was of Importance se found 
0 Vodio luerwtare, snd the «іше whos she haportance of AU] wae 
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absrohan, ascent or descent of the Sun from the Equator, 
according as the observer is situated to the north or the 
south of it, will now be understood. 

Next coming to the period whon the year began with 
the month of K with the peculiar pheno- 
menon that here the ion of Time was zero at the 
Vernal inoetinl point (at about 220°, the Longitude 
of ам Librae). According to the Hindu data when 
the Vernal Equinox was at 2 the Equation of ‘Time 
was zero exactly at that point and here is the star alpha 
Librae, Bisakha, exactly Шу а 
Librae represents (h 
arms of the balan Thus a balancing of the two things 
have occurred in the beginning of this period and the 
origin of the naming of the kehatra Risakha (from 
deisakhe) the two arms of the balance. and that of the 
Rasi Tala (Libra from libration) from Лионе indicating 
t. A similar junction of the 
two phenomena occurred at 82 Long. (modern data), or 
70° Long. (Hindu data), and here ія the beginning of the 
Rasi Mithuna (Gemini): and thus the origin of the name 
of the Rasi Mithuna is clear, 

Now when the point at which the Equation of Time is 
жеғо--пелгені the Vernal Equinox will с de with the 
Longitude of the star Revati, n change has to be intro- 
duced. ‘The exact year at which this will happen has to 
be determined by practical nstronomers. In a congress 
of the Indian astronomers it has to be declared that that 
particular year will have two Phalguna months and 
thenceforward the Ist of Chaitra will be the first day of 
the succeeding years until another change has to be 
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At the commencement of the period beginning with 
the month of Baisakha, Vernal Equinox fell at 36 
degrees and the Equation of Time was zero in the asterism 
of Krittika. At this time the Nakshatra Krittika was the 
first of the series :— 

“enw Š татті mfr: nuncio fare өзи | mfa 
Sa menfe |...” Afta amr | 

But during Varaha Mihira's time Vernal Equinox 
was happening іп Revati and the Equ 
zero, that is, the year began, 
g so Varaha Mihir 
stem in place of th 














tion of Time was 
Aswini (alpha Arie 
















three years and we shall have to do th 
of the sun, allowing 
the ond of, say, 2000 or 3000 
with the Rasis and Nakshateas i 
Here 1 have tried only to give n general survey of the 
Hindu system of year beginnings consistent with and 
consequent on the theory of the Libration of Equinoxes 
which should no longer be considered as а mere matter of 
speculation in which the Hindus revelled, but an astro 
nomical truth which they discovered after w 
observations extending over thousands of years. 


the case 
» interealary solar month at 
wp his relation 
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t AND THE SIDEREAL 
HINDU ASTRONOMY, 





к SO-CALLED SID 
MODS OF THE PL 
en Varsa (Solar year) is met with in all 
cal works, This is translated as the 
the period for which ven in the Suryya 
er Hindu Astronomical works, Now 
why should the Saura (Solar) уе) understood as the 
Sidereal ye ata loss to understand. — Burgos іп 
his translation of the Suryya Siddhanta, page 100,— 
remarks “The Solar Year as already noticed is sidereal 
not tropical ;—Uhe length of the solar year and month ік 
subject only to an infinitesimal variation, due to the slow 
motion of 1 minute in 217 years, assumed for the Sun's 
line of apsides; —" Now the question is if the Hindu 
Solar Year is sidereal how can the length of it vary at all 
even though it be after hundreds of years; T have novor 
heard of any astronomer saying that the sidereal year is 
variable because of the movement of the Sun'« line of. 
upsides, Itis to be noted that the sidereal year estima! 
upon an average sufficiently large, possesses the | 








The term Sau 







































^ seconds. pero 
t this was AR but. 


r, the difference being 
of 
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around to the apsis again, or the period of its anomalistic 

revolution. This is almost precisely equal to the period of 

Sidereal revolution in the ease of all the planets excepting 

the moon, since their upsides are regarded by the Hindus 

+ ay stationary." — Burgess ‘Translation of S.S., page 907. 

But the right course should have beon to put it 

that the Hindu Solar Year is anomalistic, and to say, 

that with the Hindu astronomers the difference between 

the siderwal and the anomalistic year is negligible. “Then 

it would have been easier for one to find if the motion of 

the Sun's line of apsides is correct as given in thi 

Siddhantas, "The fact is that the annual motion of the 

upsides should be 11-01" seconds and not 01161" 

seconds. ‘the number of revolutions of the Sun's ары 

in a Каіра is given in the S.S. (Suryy Ahanta) as 

387, ‘This ix certainly the number of revolutions in. 432 

X10 years, ‘The number of revolutions ealoulated from 

modern astronomy is 393. ‘The revolutions in а Kalpa of 
133 x 10" years should be 38700, The annual me 

the line of apsides in modern astro is 11:79” seconds. 

(Godtray has it, 125") Consequently the anomalistio 

“your is 365 d. 6 h. 13 m. 145. (200725955 mean solar days). 

Те Hindu solar year is 305 d. Gh. 12 m. 360 s, (30525876 

days), the difference being only one minute and eleven 

seconds. This year was certainly not mennt by the Hindu 

astronomers to be used as the year of chronology and 

г «їй. reckoning. That part was left to the Nirayana year 

to accomplish. Of course it started from an epoch in 

which the Equinox, apsis and the fixed star which indi- 

cated the beginning of the first жойімелі sign, coincided. 

Tt was then observod after whnt interval of time two or all 

of these phenomena coincided. As an example let us 

P ie that Vernal Equinox and perihelion coincide after 

Un. the vela mice кы de касым 

` star coincide after 27000 years. Therefore after five 


























































E D. N. MOORERJEK 


coincid s of the Equinox and the apsis (5 x 21600 years 
or 108000 yenrs) or four coincidences of the Equinox and 
the star (1x 27000 years) or 108009 years, the Equinox, 
apsis and the particular star - The period in 
which mankind in zeueral are interested is the tropical 
year, on which the return of the seasons de But in 
this tropical year no account. is taken of the position of 
the арай which the—severity or mildness of the 
seasons depends, "The Hindu Nirayana year is the resul- 
tant period of the movement of the Equinox and the apsis 
first article on ** Libration of Equinoxes”) 
he period in which mankind in general аге 
ted, — Now-n-days perihelion being in January 
July, we short, less 
wd long mild summer, But after ton 
thousand years from now when aphelion will be in January 
and perihelion in June, the extreme summer and winter of 
the southern hemisphere will be transferred to us. Thero- 
fore the adoption of the Nirayana Year by the E 
is more natural and woientific than the tropical, 
period of the Saura Vara (Solar Yeo anonmalistic) was 
mentioned in the Siddhantas ax it would be of much 
help to the astronomers for thei 
Now I shall pass on. to t 
of the planets, Mercury, Venus, Mars, Jupiter nnd 
Saturn ns found in Hindu astronomical works, The 
period of Mars is given in the S.S. as 68609740 
mean solar days, ‘The sidereal period in modern astronomy 
is 0869797 days. The mean annual movement of the 
apsis of Mars is 12582 seconds. Therefore the apsis of 
Mars has advanced 15/52 х 1785 (sidereal period of Mars 
in yers) seconds in one sidereal revolution, On caleula- - 
tion the anomalistic period of Mars comes ont to be 
he period of Saturn as given in the S S. 
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days: Тһе sidereal period of Saturn in modern astronomy: 

is 10739:22 days, a difference not to be easily passed over. 

Now the mean annual movement of Saturn's apsides is 

19:37 seconds. Therefore the apsis of Saturn has moved 
+ in one sidereal revolution 19-37 x 29-16 (period of Saturn 
in years) seconds or 57064 seconds. The mean daily 
motion of Saturn being 120% seconds it will take 
(570:64 120-5) or 4-74 days more for Saturn to reach the 
perihelion. Therefore the »nomalistie period of Saturn 
comes out to be 1076306 days, But it is worth while 
noticing that the period as corrected by the Bija ік 
1070489 days. Similarly the sidereal period of Mercury 
being 87:9693 days, the anomalistic period is 87-0094 days 
(assuming the mean annual movement of the apsis to be 
5584 seconds). ‘Che period in the Suryya Siddhanta is 
87:0007 days. The sidereal period of Venus being 224:7008 
days, and the mean annual movement of her apsis being 
2°68 seconds towards the west, one would naturally expect 
the period as given in the Siddhantas to be shorter than 
tho sidereal period (supposing the Hindu periods anoma- 
listic), and strange enough the period in the Suryyn 
Siddhanta із 2246086 days, that corrected by the Fija is 
224°6990 mean solar days (the anomalistic period caleu- 
lated on modern datn is 2247005), both shorter than the 
sidereal period, Тһе sidereal period of Jupiter being 
482908 days, the anomalistic period should be #33285 
days (assuming the mean annual movement of the apsis 
to be 665 seconds). The period in the Suryya Siddhanta 
is 433932 days. ‘This even after correction by the Mijn 
is 4332-42 days, shorter than the sidereal period. 

This shortening of the period of Jupiter and the 
lengthening of that of Saturn are due to ін: "The 
` yemarkable fact, however, that the mean motion of 

Jupiter was then more rapid and that of Saturn less 
so than if Бай formerly been, was detected. This 
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anomalous phenomenon, which is now so well known 
to be caused by the mutual perturbations of those 
planets on each other, was a startling difficulty; but 
Cassini investigated the conditions, and boldly conjectured 
that the time would arrive, when those effects would be 
of ^ contrary nature, His happy prediction has been 
beautifully verified," —Smyth's ‘Cycle,’ p. 
Now one may ask, assuming these periods in the Sid- 
dhantas to be anomal what about the period of the 
moon which is exactly sidereal? The answer to this 
is that the position of the full-moon among the well 
known twenty-seven asterisms of the Hindus gives rise 
to the names of the months and this is happening since 
time immemorial, and as such astronomers are bound to 
give prominence to her sidereal period. “Naturally 
enough since the moon is the most conspicuous of the 
nightly luminaries, and her revolutions more rapid and 
far more important than those of the others, the asterisms 
would practically be brought into much more frequent 
use in connexion with her movements;..."—Burgess : 
Translation of the Suryya Siddhanta, page 352. The 
anomalistic and draconitic (nodieal) periods may be 
easily calculated from the data given in the Siddhantas, 
Неге I add a table of the revolutions and movements 
of the apsides and nodes of the Planets according to the 
Suryya Siddhanta and modern data, ‘The revolutions are 
for the period 482x10* years, assuming the values as 
given in Watson's Theoretical Astronomy and in Smyth's 
Cycle of Celestial Objects to remain constant through ages. 
‘The revolutions according to the Suryya Siddhanta are 
certainly for the same period (492x10* years). Тһе 
4 іп putting the revolutions of the Planetsin 
482 x 10° years is that we can find the movement in a 
century in seconds by simply multiplying by 3. Thus the 
revolution of the Sun's apsis in 432 x 10* years being 387, 
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the movement in a century is (38733) or 1161” seconds, 





Hence the annual movement is 11:61” seconds. In some 
cases it will be seen that the values are almost the same 
with modern mean valu others certainly errors have 
тері in, Ag at the table will show that the values 
for Mars and Mercury had been interchanged. From the 
manner of writing the two words Kuja, зря Budha qw or 
Kauja (айя) aud Baudha (уч ) іш Devannagri type 
this error has cre] ‘The same error will be observed 
about Mars and Mercury while speaking of the metro- 
gradations of the Planets in verses 53 and 54, chapter ТТ, 
Suryya Siddhanta. In support of this as to how errors 
have crept in and accumulated, 1 shall quote here wl 
that great genius Bhaskaracharyya said in connecti 
with this very subjeot in his Siddhanta: 
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LER PP 
ЧЧ бб Өк ө q mig rm orien: vira ч өзім oth wq чина 
жне) 44-і) түт! атан анч чылан анё. чум, mini | т! waww 
LUE IL чит анец) even 9 
филм waar rwr ме я aih imr sasa rasis түрін тый ята 
Mi атти cem Уң mh: gangami woog єч: way 444 
Жб. чатыш чөт. сз намон төт aviat бнт nam: чені dela 
peni «4.1 wîî лон ча: gew ы сін! «қөз fes леж enmt 
amm renew nen waf жина tw afr жтт! afan ей: 
Мет” Өте aw fun тч чё «етін жөні эти чётч ferre NIL 
Жапа еч. ттт frusta nya wni: wine «йда мча eni ТИМ sfa 
Tem чта: Ama, amun <š aequor wins wla fa, n fn mem 
rums меттің жез өчең. we afe maafa жаң nfi чїч әсет «ңқ, 
= ? 


A afana wanfan 
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Now some may doubt that as the revolution is said to 
completed when the Planet returns to Revati, how 
тели anomalistie periods? I wish hem 


oe over the original text - 
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¿which any circle is divided, and it is left to be determined 
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wm from qua (the sun) жәй fez (peru tat ae _ 
татат wat (як? пй, etc, Ranganath), whether it docs 
not mean the peribelion and consequently the anomalistic 
period. "Phe secondary meaning is the star Revati with 
which the apsis was coincident in the beginning. 
Similarly * Meshadi* (first of Aries) or end of Revati came 
to mean the Initial or starting point—the fist point of 
Aries in the case of tropical revolution the aphelion point ° 
in the case of anomalistic revolution, etc. Fide Suryyu 
Siddhanta verses 18, 57 and 67, Chap. XII, and 
Ranganath's com on verse 48. “Ru fame 
aerea marni Vaasa, et Moreover. the mention. 
of Hevati “Таға” does not mean that we are to look 
always for a particular star g in the heavens just 
as we are not to understand the expression * Dhruva Таға" 
as the two pole stars shining through ages in the heavens, 
but ply as the poles: "маат бетегени чї 
wurerfoerg, ete; — Ranganath, notes on sloka 73, Chap. ХІ, 
also verse 43 of the same chapter SüpwuaT ам чл 
жы ый! fem Әл daugu falra a “In both 
direction from Meru are two pole-stars, fixed in the midst 
of the sky: to those who are situnted in place of no 
latitude, both these have their places in the horizon" 
Regarding * Bhagana '—wrznerfmatar una vera: Hanga- 
math, note on verse 27, Chap. 1. ‘These rasis may be 
Sayana, Nirayana, ete.—" grewormfea wñ senem 
жүбтчапея жадты 


















































чубаган user Rauganath, 
Chap. 11. 29. 
enfe | чач ча-Сһар. LL 45. 


“There is nowhere in this work any alluston to, them 
(Hindu names of the signs)'as constellation, or as havi 
any fixed position of their own in the heavens: they are 
simply the names of the successive signs (rasi, bha) in 
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by the connection, in any case, from what point they shall 
be eounted."— Burgess, Translation of the S.S, page 181. 
Still more I should ask learned men to think over the 

of Revati from targa yanfa: yanfa:— Siddhanta 
Kaumudi (motion in very long interval of time): "сағат 
wawa feani ЧЧ тай! famae зат 
amas fremi (атат interval), and the design in the 
naming of the star will be evident to all. 

Here 1 acknowledge my indebtedness to Prof. 
C. V. Raman, M.A, and Prof. N. K. Mazumdar, 
M.A, in kindly me with valuable books necessary 
in completing this paper. 

In conclusion I express my heartfelt gratit=de to 
the Hon'ble Sir Asutosh Mookerji, Kt, C.S.I., for his 
keen interest and never failing encouragement and 
allowing these papers to find a place in the Journal of 
the Department of Letters, Caleutta University 
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